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Abstract :

Journal of Oil & Applied Science

To research the effects of marigold extract, which is used mixed with calendula

extract, on collagen growth and MMP-1 expression in human fibroblast, we measured cytotoxicity,

collagen growth and MMP-1 expression by using HDF cells. The result of measurement showed

over 80% cell survival rate in 5 ~ 100 gg/mL concentration of marigold extract and calendula

extract for HDF cells, which indicates there is no cytotoxicity. The result of measuring collagen

synthetic abilities showed both types of extract had collagen synthetic ability increase dose
dependently, by 25% in 100 gg/mL concentration of marigold extract, and by 7% in 100 xg/mL

concentration of calendula extract. The result of experimenting the effect on MMP-1 expression

showed that both types of extract suppress

MMP-1 expression. The result of observing

phosphorylation of p—JNK and p—ERK, which are known to be involved with MMP-1 expression,

revealed that marigold extract effectively suppresses MMP-1 expression through signaling pathway

of p—JNK and p-ERK. The above results confirm the wrinkle improvement effect of marigold

extract, and furthermore, it can be used as a cosmetic ingredient for anti—aging.
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OINEE BASAZ| = AFYorEe Y 1Ad
282  olfkAl(adenosine), & €] =(retinol),
NAC(N-Acetyl Glucosamine) 52 A&E=°] 3l
on, ol AES AT AEEScl FEMAAY
BE Hol Aoz 4R SQIH1,2]. AHfor
ANxs AFFe dxd HAad oHdd
Collagen} Flastin®] 23 @5l Collagen
2 AA 3] EAste = AF o
AR 14709] typeo] EAstH o] F mRo=
type 1 Collageno] 2 ZASTH3]. AHotAxZ
9] 7]% o]A& Collagen A4 #3] = Collagen
B3 &4 MMPs (matrix—metalloproteases) 2]
2 F7IR oloAAl Hrt. Znd-fotA ol A
H MMPsE Au&Foz Hulgle] Collagen
wolE FAste] 5 AT &= HAaE
TotH4,5]. MMPs (matrix—metalloproteinase)
= IR AfobaZ(fibroblast) 2t ZHA A
(keratinocyte) GollAl ®H[Eo] Aze] 7]H
(extracelluar matrix, ECM)3} 7]#]2H(basement
membrane, BM)& FAsh= tF-Eo] 7]l
&S Follstke S8 L2 st Slttel.
W2 EEs I3t s+g-2 Tageres erecta L.
23E5, okt s AER M, T
SAMOl £& mjert HA|Z Qitoz ofn

A
712 AA #98 HA 4EZ French marigold
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(Tagetes patula) TH==iolg} B2t} Hg|ZE9]
T8 A4 FHRICRE dHA qlow, HEt
U T FIREHEOIES 90% ©) FHUL
2 FAH0 A7) WEEE FEE2 98 E
+ FrE AMREL, i g4F F8 9 45
|= 28(8], A3l oAl 2 Aksle] oo =

&3 5
HuEglow, 7hgEoplA= AR 7 Al A
£ 9 9o ZAS JHAE 4 dvte A+
TH10,11].  ZHElE=te] gy
Calendula officinalis L. =3}t A1E0] 43}
AU AR FHM, A S0 £S5 0¢
GR fo] Y4tRQl Zolt}, FHElERE AlE
ofell ol AE Ee Fm, o5t Fopde @
2O 5T AEEH, ASA2E 284
Qlom[8], AT H(antimicrobial), HWHA
(antiseptic), A 2 H¥] X2A, L o
(hypotensive properties) 2 8= 4 Qo]
7} AteHauto-oxidation)e] A & 4tstef] <]sh
of e Ax &40 FojrlF0lew Al
A 77FQ H(herbal remedy)oz E-gEo] gt
[12].
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AFEEDL Qe HEEE FEES AE &A=
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21, e ®iz

211, A% 8 7]7]
2 AoA AMEE Aok NR solution,

Griess reagent, NR solution, griess reagent,

EZ-Cytox, ascorbic acid, PBS (phosphate
buffered saline solution), DCF-DA
(dichlorofluorescein diacetate),
Dichlorofluorescein diacetate(DCF-DA),
Senescence  detection  kit(Biovision, = USA),

anti-MMP  type  1-Ab  mouse Ig G,
anti-mouse Ig G-Ab, primary antibody (4
—actin primary antibody)E  Sigma-Aldrich
(USA) &= st AbgsHRtt

212 Az ¥ &

2 Ao AME HElEEs 20179 5 A
Uthito g AzxE £ 100 g2 HAIE st
P, 7HRlESE 20179 692 S5 oA A
High Az 2 100 g& sFolA FYste] A
Naz ARGt A F52 70% oleE
I FHRFE A= FAY 10HE 7hste] Ao
A T2AZE ST T2ARE & fojRl &=
o] FFHE HAl &, FEANS Esty] Slst
o  YHE(FinePCR, Korea)sty, o7z
(Whatman®No.2filter papers; GE Healthcare
Life Sciences, UK)E ©]-&35to] it & =8
miQl oeES  AASH]  flste]  AYEE7
(Korea Bio—Tech Co., Ltd, Eyela)S =3l ot
=% FHRFE AAT H 52 Ax(FDU-8606,
Operaon Gimpo, Korea)sty] FHF FEES ¢

of 2 Aol Agstec

—

m

2.1.3. AlzF 9 A= wig

E o OAY] ARgSH AlZxEQl  HDF(Human
Dermal Fibroblast)H| Z= A 25
(Korean Cell Line Bank, Korea)ollA F<{i5}od
AHE519.2 ™, high glucose Dulbecco's modified
Eagle's medium (DMEM, Hyclone, USA) %]
o] 10%  fetal bovine serum  (FBS;
Sigma—Aldrich, USA)2}+ 1%

penicillin/

WEEETageres L)% 7WEeH Calbrndluls officinals L) F%50] A7 AfoEAA S A4 2 MMP-1 e mlAle 4% 3

streptomycin (100 1U/ 50 pug/mL, Sigma-
Aldrich)o] H7tste] 37C2 fA=E 5% CO,
&+ WF71(Jeio Tech, korea)oll Al vijFotdct.

2,2, H WY

2.2.1. NR assay& o83 A J&£& &3

H2ZEet 7llEDs FEE0] Alx gEE&
e AGFE gotrr] 5k neutral red
(NR) assayE ol-&sto] =4 E ZAskIrH13].
HDF AZXE 96  well platee] &
3x10%ells/well®] HE2 BFste] 24A7F HjoF
T R 9l FEEE 5 10, 20, 50, 100 g
g/mLe w2 3]4351e] Z} well plateo]] &5}
o 48A1ZF FF wistTh 4841 & R @3
wiz]e] 1% NR solution (Sigma—Aldrich, USA)
gdo] Hrte wigHo=m wikste], 3A17F Ft
Hjokst & Phosphate buffered saline (PBS;
Sigma—Aldrich, USA)ell 10% formaldehyde
(Sigma—-Aldrich, USA)&H-& H7lste] 2 wellof
100 pLA &5t 207 5¢ 1AsEATE NR
desorb  solution (1% glacial acetic acid
(Sigma—Aldrich, USA), 49% ethanol (Duksan,
Korea), 50% distilled water)2 ZF wello] 100
plA BEFste] A Yol NRe& &3 o2
microplate  reader  (Synergy HT, BioTek
Instruments, USA)E ©]-85t% 540 nmollA 53
TE 5tk 2 AP Az BEES v

o Ajoj wet AHEs}C,
Mz HEE (%)=

A @A T (540 nm)

X 100
AzFEE7H0] SFE(540 nm)
2.2.2. MMP-1 34 A%
feZset gl FEE°] MMP-1

(Matrix metalloproteinase-1)#de] v]x]& I
< ZAst7]  9ste]  ELISA(Enzyme-Linked
Immunosornent Assay)®'He=Z MMP-1 &d
A7s 5= Yokl HDF AlZE 96 well
plateo] 3 x 10* cell/well L2 BF5to] AL
7} vigo] B = Qs 24X Bt vifet
Aot wiF = well plate A5AS AASEL Al
25 5, 10, 20, 50, 100 pg/mL o] BEE=R
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Aelste] UVBE 100 mJ/cm’® 208 ZA} =
MMP-1& Hd-& SHst7] 9ol 2443t vietst
Aot HiF A5 100 mLE M2 96 wel
plateo] 71 & coating buffer 100 mLE 7}
3t 3 overnight AZIth 8 A5HE AATT
S PBS-T (PBS, 0.05% Tween-20 ¥7) 200
mLZ 33 washing& 9dF1 blocking buffer
(PBS, 0.1% BSA ) 100 mLA gt & 3
TCoA  1AZE ERF ®EGAIZTE Blocking &
PBS-T 200 mLZ 33] washing& st blocking
solution®=2 10008 3]A%t primary antibody
(anti-MMP-1 mouse antibody)E 50 mL% *
2] F 37ColA 1A7F Bt WAlskA. PBS-T
200 mLZ 33] washing ¥ alkaline phosphatase
7} &9 secondary antibody (anti-mouse IgG
antibody)& blocking solution© & 40008] 3|4
= St T 7 welle] 50 mLE A2 & 37° Co
A 1A B9t BASE. miAlefe =z PRS-T
200 mLZ 33] washingstal substrateQl HHHA|
oF p—nitrophenyl phosphate 9.7%
diethanolamine buffer, 0.5 mM MgCl,, pH
9.8)8 Z wellel 200 mL¥ 7}t & new
plate®]] aluminium foil2 7 F 37CAA 14]
7t <9t HSA)Z12 microplate readerE ©]-85})
o 405 nmz FFEE SHsHAth. MMP-1 &
A &S o Aol mhet AFESHlTh

MMP-1 Id A& (%) = 100 -

A g d7Ee] &FE(405 nm)
A BRH7 L 533 (405 nm)

X 100

2.2.3. Collagen &%

HyEEet 7HlEzt F25°] Collagen 34
of ux= FFE Yothr] fote] ot &
1912 43P519tt. HDFAZS welld 1 x
HF510], Overnight A1 & welle] 4
AAst w72t FE=34 7HRIEz F
Z¥zy 5, 10, 20, 50, 100 ug/mL =
2 AHY & 48AXHEt wjeFsict wiF A
50 uLE Maxisorb 96well plateo] %71 =
Coating buffer 100 ¢LE 7}t & Overnight
AT wiF S AA & Washing buffer
200 xLZ 3% washing (Tween20 in PBS)$tch.
Blocking buffer(0.1% BSA in PBS) 100 x LA =]
T 37CoNA AR AZARY 8 A5l AA

it

e ot = rlo o
o o 13

o 1
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% Washing buffer 200 pLZ 39 washing
(Tween20 in PBS)ZFc}. 10008] 3]4gt Primary
antibody(Anti—collagen type I-Ab mouse Ig
GQE 100 LA A= 5 37CoA 1AZF A
oot 8 AS5H Al & Washing buffer 200
wLZ 3H washing (Tween20 in PBS)3}o,
40008] 3]4gt Second antibody(Anti-mouse Ig
G-Ab - Alkaline phosphatase)& 100 xL% A
gl & 37CoA 1A ARE wig S
AA T Washing buffer 200 pL=2 3¥
washing (Tween20 in PBS)3}3, 1 mg/mLe] &
T2 52l p-Nitrophenyl phosphate(in 9.7%
diethanolamine buffer) 200 xLE Z+ welld A
2] & 37C AelA 1A AR £ 405 nm &
FroA =7k

2.2.4, Western blotting

W2 Z=7F HDF A2y MMP-1 A4l §8
sHA 245l kinase@l  ERK(extracellular—
signalregulated kinases) 2} JNK(c—Jun
N-terminal kinases)®] A|ZY A5t wjx|&=
FF= ZUst7]l #I8 western blot analysis&
AA sttt HDF AlZE 1.5 X 10%cells/well<]
FER B0t 24A7F Bt HigRt & HDF
M2 «-MSH 100 mMo] 2] DMEM =}
Zlell HDF Alzof Alm 25, 50 upg/mlL HE=
At the 48A1ZF HiRE AlZE ol
PBSZ A& ¥ radioimm unoprecipitation assay
(RIPA) buffer [50 mM Tris—Cl (0.2% Tween
20, pH 7.5), 50 mM sodium chloride (NaCl),
1% NP-40, 0.5% sodium deoxycholate
(C4H3oNaOy), 0.1% sodium dodecyl sulfate
(SDS), protease inhibitor cocktail;  Roche,
Switzerland]2 7Fsto] AZ2E 851 & A5
AE FFotct. SHES HAGA7)7] $lote
SDS buffer[14.4 mM 2-mercaptoethanol, 60
mM Tris (pH 6.8), 25% glycerol, 2% SDS,
0.1% bromophenol blue]lE 7}t & sodium
dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE)E o]-g&35}to] thifzl
< 2R 2ot e wEEe 100
Vo]  ZZo|A  nitrocellulose  membrane
(Whatman, GE Healthcare Life Sciences, UK)
© 2 transferdt T2 membrane®] A ThaE
2 5% skin milk §HofA blocking 3 & 1 X
tris—buffered saline with tween 20 [TBST; 150
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mM NaCl, 10 mM Tris—Cl (0.2% Tween 20,
pH 7.5)]1°l 35]4% B -actin primary antibody,
anti-MITF  antibody produced in rabbit,
anti—tyrosinase antibody produced in mouseE
Aelstal 24A17F BQF wHFSHGITE Secondary
antibody= anti-mouse IgG antibody, anti-
rabbit IgG antibody (Santa Cruz Biotechnology,
USA)E AMgsto] 308 wytelglen, whto] <
2%  membrane2 mixture of tris—buffered
saline (TBS) and Tween 20 (TBST; 150 mM
NaCl, 10 mM Tris-CDZ A&stglct. Al o]
gzd & APE "E(Konica Minolta, Japan)
A SuperSignal ®WestPicoChemiluminescent
Substrate (Pierce, Thermo Fisher Scientific,
USA)& Agste] FFo Ade =g s &
AoflA 25 AAF7](QX~-130I1, Konica Minolta)
£ o|-&sto] @start. @4E 8 dwd
2 Image] (National Institutes of Health,
USA)E ©]&5}9] band sXx}tolE H|wsHET)

2.2.5. $AAE

2 A9 d7 die gPArESHEz
(mean*standard deviation, M+SD)2 7|5}
o, B4 A& Statistical Package for the
Social Sciences (SPSS) window version 17.0
(IBM, USA)E o]&ste] Aot §94 #
Z2 Student’s t-test® AAFHHL, pEke]l 0.05
gt o FAFoR {OgF zolrt e Ao
2 sttt BE AE2 FdT 25t =
HAog 33] ol AAste] Y Aitg do
Rjetoirt

3. Za} o pEt

-

3.1, M= M=E8 =3 dut

3.1.1. Human dermal fibroblast(HDF)A] o]
3k A2 yEg
2 Ao AR QI A AlZQ] HDF Al
oA HHEES 7HEEDS FE2EC] Al Y&
o ox& FFE Lotrr] fste] T0%ele-=
olgst wElEEet sRRIES FE& 5, 10,
20, 50, 100 pg/mLe] FE= AHastal, 484]7F
#jgstel NR assays AAISHAH.
AY A fYZE FE2E9 4% 5, 10, 20,

flo o

EEETageres L)% 7WEeH Calbrndluls officinals L) %50] A7 AfoEAA S A4 2 MMP-1 e mlAle 4% 5

50, 100 pg/mL == ZF7Ige] ot AZ7}
FAEOl F7HE UEen, sRIES FEE
o] AL 5,10, 20, 50, 100 pg/mL F=7HA]
100%HH &2 AEAAELS Yepydth H=ZE
Lot 7HlE=" F28 100 pg/ml =Y o,
Az BEgo] WEEE FEE2 119%, 7HlE
gt FEEL 101%=2 AlE 540 etz g
As st (Fig. 1.).

120 | mcoL

100 4
80

60

Relative cell viavlity
(% of control)

40 4

20

Control 5 10 20 50 100

Concentration (pg/mL)

Effect of TZagetes L. and Calendula
officinalis L. extract on cell viability
in HDF cells.

TL:  7Zagetes L., COL: Calendula
ofticinalis L. 70% ethanol extract.

Fig. 1.

H Ant

3.2, HEIEE FEE9 3

09

3t S0t

I

3.2.1. Collagen ¥4s =4

mR= 2y, Ao, gtz o LW, o]
ZF o= ARAE, 71A48es AR
Aadeez EAste e 1019 90%E
25k o diidolry, A|zo] HDF Ao
gt mlgEset sHllEe FE=0 S A4
AT HIE TEsh] flste] Ao FEES
HDF Alazof 48A17F B9t AEet & viF 4%
= Fstod ELISA (Enzyme-Linked
Immunosornent Assay)y'#Hoz Eu|d Zatl9]

E oA &2 Negative control®]| H|sto] g]&
T FEE7% 7HE" FEEOA 2F S
u ZXEE AT 4 At F FE=
nE - Koz Il AT FTUHE

= 4% 100 pg/mL
oA 25%, FtHlER FEE9 A9 100 u
g/mL FZolA 7% EF Adee TUHE B
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art. olet T2 HBEE FEES A= UA
2 AZE BEE AAOA Al F4] Baet =
Al AA Z

F

34 2250 mie AolEskele] cha
Hlste] ATE Uehigles AAT 5 Gt
Tolt}, olo} e Av: WBE FEEv
dEet F220 A A4 51 ane sl
@ Aoz o|F Wk AHE AL 5 J5H
SgE 2AZAY A8 7FsAe] gtk AR

100 4 - = 5 =
80
60
40
20
o T T T T
5 10 20 50

Control

~ 3

Relative collagen production
(% of control)

Concentration (ug/mL)

Fig. 2. Collagen Biosynthesis of 7agetes L. and
Calendula officinalis L. extract in HDF
cells.

TL:  Tagetes L., COL: Calendula
ofticinalis L. 710% ethanol extract.

3.2.2. MMP-1 ¥4 A5 &4
MMPs(matrix—metalloproteinase)+= A|E2] 7]
A EolA7le Sas dedoltt, FeshA &
AstEld MMPse] #44-&  dAIste TIMPs
(tissue inhibitor of MMPs)7} A E o] Az A
&gl o) 2AEET QUk14]. HDF Ao
gk MeEs FE=9 T4 a5s g4st
7] 9ot FEABE AFH 0w Poish= =t
A Bojaadl MMP-1¢ Id AHoassS
ELISA (Enzyme-Linked  Immunosornent
Assay)Hi o= Z3stqlct. HDF A|lze] 24413k
5 A2e F o ABoS Askel vl
MMP-19] 9Fga SHskth ”aﬁﬁ'(Fig 3.,
HDF Azl 70% gz FET WeEsE F
21} 7lRlES 25 5, 10, 20, 50, 100
/zg/mL FER AYg & UVB lampE ©]85}
o] 100 mJ/cm? 20—|~ ZARIEY. Ad 23 o
ITE FEE9 Z¢ MMP-1 Tdgo] 79%,
63%, 53%, 50%, 42%i T oEHoz

Journal of Oil & Applied Science

o
1o
ol

=57} 100 ug/mLoﬂ/\i HEZE F&
58%= 7}"—1]%3 —7—%%4 A&

o ‘2:?
ot KT

rlo
<
<
i
T
o ol o 12 o

30 0 mh o fu 2wk o o

al

—V,L%w
m§g>
T

I 01_1_ Control-’h} 7%4
2 JMT xRS =K
WelEss} slRige 2&E
Aot wIr} Qe Hog @ OJ

= 782e 78142 A

3
_?lﬂ

=
3k
5B T

_‘ Jk?.;
i
ok
18 38
ok [
fo 2

Oll‘
oZ:
l&
O.N
I:
P~ d
2 o
fu o
R
1o,
ru
bl N
|
i
N
>,
=

Inhibition of MMP-1 production
(% of control)

Contral VB 5 10 20 50 100
UVB(+]

Concentration [pg/mL)

Fig. 3. Inhibitory effects of 7agetes L. and
Calendula officinalis L. extract on
UVB-induced secretion of MMP-1 in
HDF cells.

TL: Tagetes L., COL: Calendula
officinalis L. 70% ethanol extract.

3.2.3. MMP-1 /47 Idd #T-E A=
ATHG =

(15, 16]¢] <A5te] w=W HDFA|aEo] UVZE
ZAPER AEY DNAZ &40 ik ohe}
3 @4o] WSk, HDFO| Fledh= Ao
A% A 2 MMP HéE S7HA71H, AnE
of EAet= 5"—3}7“ 2olE FX AXIth weEbA
71 MMPE= Aol g A5t F5
Ay 3t ‘?_}E—i%‘ii FERTH17]. B dAtolAEs
UVBell €3t MMP-1 342 @do] ¥ Qlet
I g p-JNKeF p-ERKS] QI43et HEE
Western blottingE o]-&3to] =A35tAct H2x
T FE52 UVBel s /=¥ p-JNKe

S
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p—ERKY] QIiteE Aoz MMP-1 54
2] @S A ¢ Stk 2SS AARRITH
HoZE FEES 25 50 ug/mL HE=2 AT
3 & UVB lampE o]8ste] 100 mJ/cm’e] 7
L2 ZAbstgrk A9 Axk(Fig. 4.), UVB XA
% p~JNK® p-ERK®] ooz Qitert &
7He AE RIF 4 9, p-JNK& p-ERK
5 F&7b 25 50 pg/mLE F7hetel| whEt
p=JNK Ixtste] A& 25%, 49%=2 Z713
1, p~ERK Q4tste] oAAl&2 18%, 44%= &

Fhe A& Bl MMP-1 fadfel W
ARG A AT S sl ol o]

#ZE =ZEo] HDF A=A UVBY 2ol& &
=9 p-JNKh p-ERKY] Qlitste ofAtozy
MMP-1 §AzLe] WAL oA 4 Qri= A
o® AmH,

A)
TL TL
Control 25 pg/ml 50 pg/mL VB
25pgml 50 pg/mL
UVB . . _ + v N
PERE | e . — —

o [ ——

®)

120 4

O p-ERK
100 | mp-INK

80 A %
ok
60 -
40 4
20 H
o] T T T
uvB 25 50

Contrel

Relative protein expression (%)

Concentration (pg,/mL)

Fig. 4. Inhibitory effects of 7ageres L. extract
on UVB-induced activation of p—JNK
and p—ERK in HDF cells.

TL: Tagetes L. 70% ethanol extract.
(A): Image, (B): Graph

e EE (Tageres £)% WG Calenduly offioinalis 1) 5320 A ARoZIN Z2hd A4 9 MMP-1 48 )= g% 7

4. 2 B

B AFoME WHBE(Tageres L)9} 7HIE
2H(Calendula officinalis L) F&=°] A3t A&
otM|Zo A Zetll A4 ¥ MMP-1 ddef ]|
= 93] uit 5 4 85 2 I3 552
M HHE Y2 &8 7Me8e AEstA
sttt WYEE=(Tageres L)$ 7HElE=f
(Calendula officinalis L) F&&° AY A=

chew 2.

A5t ane gelsr] 9 & Bejus,

Zatnioles 24¢ A7, Walase
Faget 22804 BE 5& gEdon
a7} Z7lele Aoz uepta, Adsat
22200 WelZE %580 PS5l
g $4aict

2. HDF AZ9| AX HE& 2 AE5HS 2
QIgt A, 5, 10, 20, 50, 100 xg/mL
Tl AESe] ek ggtov], %
BEES Sshct,

==

H
o oSt

Hlsd #2529 4% 100 pg/ml &
oflA 7% Zetil 52l 7Tt

4, HZlZEet FHRIEs FEE°] MMP-1 &

Aol mA= P AP 23, wHEE
25 1T MMP-1 4d&
AN 7= AL st on, Tt &
T 2822 MMP-1 Hds JAgA7|=
a7 UVBE Azlokx] &2 Controlit9]
MMP-1 HdS&=ETE 8971 S &

skt

5. MMP-1 o] w9 gz o=
p~JNKe} p-ERK9] QWSS yHdet At
H2ZE FE2EL p-JNK} p-ERK 435
A AZE Esle] MMP-1 9l #37
oz AASHE A2 FeIsAct

- . R N o1 =L =) |
MMP-1 &d R% 715 Bt dg3=
50| ¢ ¥2 aiE Yeide Z3E 29l

oXl

i o

o
-
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91, 78 AN &% 2 Feot @5 e
54 SE dER A8sHs AL AU,
FF GH B AFSHL LS g8 A
ABe BE vEBE 2589 4% 4F 7}
A7 B9 QYA Wag Aoz mal
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